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The present invention relates to bioinformatics technologies. More 
specifically, the present invention relates to the technology of System 
Reconstruction. The present invention further relates to methods for 
elucidating metabolic pathways involving chitinase. 



Recent progress in sequencing technology has generated a vast 
amount of genomic data. According to the GOLD database, there are more 
than 300 genomic projects currently completed or under development 
(http://wit.integratedgenomics.com/GOLDy). Seventy-nine complete or 
partially complete genomes are available through the public ERGO system 
(http://igweb.integratedgenomics.com/IGwitO. In order to handle this wealth of 
information, several powerful bioinformatics systems have been developed. 
The WIT Project was instituted to develop a framework for the comparative 
analysis of genomic sequence data, focusing largely on the development of 
metabolic models for sequenced organisms. The analysis of the genomes 
involves several distinct, but complementary efforts. The first is a 
determination of open reading frames (ORFs). The second, often called 
annotation, is the assignment of functions to genes. The third is the creation 
of functional models for metabolic and regulatory networks of the sequenced 
genomes, referred to as reconstruction. 

Metabolic reconstruction for bacterial and archaeobacterial genomes 
has been carried out. (E. Selkov et al., Proc. Natl. Acad. Sci. U.S.A. 2000 
Mar 28;97(7):3509-14). In contrast, metabolic reconstruction for eukaryotic 
organisms remains a much more complicated problem. Despite significant 
progress in genome sequencing, the annotation of eukaryotic genomes 
remains a complicated problem. Even finding the ORFs, a key component of 
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gene identification, is still a very difficult task. A comprehensive 
understanding of the complicated structure of eukaryotic genomes will require 
the integration of sequencing information with genetic, biochemical, structural, 
and evolutionary data. It will require developing new bioinformatics tools and 
discovering new algorithms, and, most likely, it will take years of research in 
both dry and wet labs. 

In contrast, a good deal of information about the sequences and 
expression patterns of eukaryotic genes has been accumulated in numerous 
databases of expressed sequence tags (ESTs). (See, for example Unigene 
EST, dbEST, STACK, SAGE, DOTS, trEST, XREFdb, in addition to a number 
of tissue-specific databases, such as PEDB.) A significant amount of human 
EST data has already been carefully analyzed, classified, annotated, and 
mapped to chromosomes. Currently, there are over 1,000,000 human ESTs 
available in public databases representing 50-90% of all human genes. 
(Electrophoresis, 1999, Feb. 20(2):223-9). It is generally believed, however, 
that EST sequences are inferior to genomic DNA sequences in terms of their 
quality and degree of representativeness. 

The technology known as Metabolic Reconstruction was developed by 
Dr. Evgeni Selkov and co-workers at the Argonne National Laboratory. 
Metabolic Reconstruction was developed to study an organism's metabolism 
by using its genome sequence. (Selkov, et al. f (1997) A reconstruction of the 
metabolism of Methanococcus jannaschii from sequence data. Gene, 197, 
GC11-26). 

Traditionally, it has not been considered feasible to study metabolism 
based on EST data. Such an approach, however, would be very useful for 
comparative analyses of complex eukaryotic genomes. First, generation of a 
complete set of ESTs is at least an order of magnitude less expensive than 
whole genome sequencing. Second, there is a great deal of processed EST 
data freely available to the scientific community. Currently there are only a 
few complete eukaryotic genomes currently available to the public, but there 
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are sufficient EST data for several dozens of species. Third, and most 
important, ESTs represent genes that are expressed at specific times in 
specific tissues. In the present invention, expressed sequence tag (EST) data 
were used rather than genomic sequences. 

SUMMARY OF THE INVENTION 

The process of the present invention, referred to as System 
Reconstruction, integrates data on organism- and tissue-specific biochemical 
pathways, genome sequences, conditional gene expression, and genetic 
polymorphisms with clinical manifestations of diseases and other clinical 
traits. As a result, a network of interconnected functional pathways (a 
Functional or System Model) is constructed in which elements are linked to 
appropriate molecular data (ORFs, ESTs, SNPs, etc.) and annotated with 
relevant clinical information. 

In one aspect, the present invention ascertains necessary functions 
involved in a particular metabolic pathway. 

In another aspect, the present invention provides a visual overview of 
expressed genes associated with a particular pathway specific for normal and 
abnormal human tissues. 

In another aspect, the present invention provides a method for 
determining and identifying the ORFs involved in those pathways. 

In another aspect, the present invention provides a method for 
comparing System Reconstructions made for normal and diseased organs or 
tissues, thus providing important information about possible regulatory 
mechanisms and potential drug targets. 

In another aspect, the present invention provides a method for 
comparing the reconstructions made for the same tissue at different 
developmental stages, thus providing information about the developmental 
timing of gene expression and revealing possible targets for gene therapy. 
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In another aspect, the present invention provides a method for 
mapping single nucleotide polymorphism (SNP) sites to corresponding 
metabolic genes and/or predicted ORFs, thus providing physiological insights 
into associations of SNPs with unknown phenotypes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic overview of the process of System 
Reconstruction. 

Figure 2 illustrates a portion the reconstruction of human amino acid 
metabolism. 

Figure 3 is a flow diagram illustrating the relationship between 
pathways involved in atherosclerosis. 

Figure 4A is a flow diagram illustrating the pathway of chitotriosidase 
function in atherogenesis when chitotriosidase activity is suppressed. 

Figure 4B is a flow diagram illustrating the pathway of chitotriosidase 
function in atherogenesis when chitotriosidase activity is present 

Figure 5 is a schematic view of various interactions between the cell 
surface and the extra-cellular matrix. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A bioinformatics approach called System Reconstruction is used to 
integrate clinical information with high-throughput molecular data. System 
Reconstruction technology is described in co-pending U.S. Provisional Patent 
Application Serial No. 60/299,040, and U.S. Patent Application Serial No. 
10/—,—, (Attorney Docket No. 73876) entitled "System Reconstruction: 
Integrative Analysis of Biological Data," filed on June 18, 2002, both of which 
are incorporated herein by reference. In the core of this approach, a 
collection of human tissue-specific and condition-specific biochemical 
pathways are linked by common intermediates into maps or models. These 
models serve as a framework to integrate complementary types of high- 
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throughput data and to establish mechanisms underlying clinical 
manifestations of diseases. 

The present invention creates a system that allows building human- 
specific system-level models of biochemistry. In summary, information 
regarding human-specific pathways is collected. The pathways are linked to 
functional information, disease manifestations, and high-throughput data. 
Finally, pathways are connected to each other and linked to relevant 
information to form a functional model. These models can be used, for 
example, as skeletons for further integration of high-throughput data, for 
deciphering mechanisms of diseases, for predicting drug metabolism and 
toxicity, and the like. System Reconstruction is a complex multi-step process 
that involves assembling a collection of human-specific pathways and results 
in fully annotated interactive maps of specific metabolic systems. See 
Figure 1 . 

The process of System Reconstruction generally starts with the 
creation of a collection of metabolic pathways. Pathways that are human- 
specific and in the form in which they occur in humans are included. Building 
such a collection is achieved through a multi-level annotation process. 
Starting with a collection of identified metabolic pathways from mammals and 
non-mammals, the pathways are divided into categories based on relevance. 
For example, pathways are ranked according to the probability of their 
relevance in human metabolism. The most relevant pathways include multi- 
step mammalian pathways in which all of the reactions are catalyzed by 
identified human enzymes or at least enzymes that have ORF candidates in 
the human genome. Less relevant pathways include, for example, pathways 
in which the necessary enzymes have not been identified in humans, and 
single step pathways. Information such as clinical data and scientific literature 
is reviewed to confirm which pathways are, in fact, present in humans. 

In addition to creating a collection of human specific pathways, the 
process of annotation yields important functional data about each pathway 

-5- 

286200 




73616/7416 



en 
o 
m 
m 
•a 

NT 

{I 

o 
in 

□ 
ru 



and its elements. In order to structure this information, a pathway is 
described as a hierarchy of "biochemical units." These units comprise the 
pathway itself, individual steps that make up the pathway, chemical 
compounds, reactions, and "enzymatic functions" that are involved in each 
step. "Enzymatic functions" are related, in turn, to molecular species - specific 
proteins and genes. In a process called structured annotation, links are 
established between particular "biochemical units" and specific categories and 
instances in other data fields, discussed in greater detail below. Practically, 
this is achieved by filling in annotation tables associated with each 
biochemical unit. Examples of fields in these tables include: organ and tissue 
localization of the unit; intracellular localization and/or compartmentalization; 
existence and subcellular localization of the unit in other organisms; 
connection of the unit with inherited and common diseases and other 
functional disorders; type of relationship between the unit and a disease (e.g., 
cause, manifestation, etc); references on the information source, and the like. 

Structured annotation allows the organization of heterogeneous data 
and the development of queries and computer algorithms that can track 
explicit and implicit links among these data. Some examples include finding 
compounds, enzymes, reactions, and pathways that are directly linked in a 
particular unit; automatically interconnecting pathways and reactions into 
networks based on shared intermediates or other links; establishing 
constraints on pathway interactions based on sub-cellular localization of their 
components; finding pathways, reactions compounds, and enzymes related to 
a disease, its causes or manifestations, and interconnecting such elements 
into a "disease network"; finding diseases related by common pathways, 
reactions, or compounds; finding alternative pathways for degradation or 
biosynthesis of specific compounds, to circumvent certain enzymes, and the 
like. 

In order to organize the information collected in the process of 
reconstruction, a relational database has been developed using Oracle 
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RDBMS. Unlike many biomedical databases which are centered around a 
certain theme (e.g. sequences, proteins, biochemical reactions, etc.), the 
database developed in the present invention is a polythematic database that 
is built around several central data entities and relations among them. These 
entities are enzymes; compounds; reactions; pathways; genes; and diseases. 
This core architecture provides multiple "linking portals" for including other 
often heterogeneous data such as gene expression, protein interactions, 
metabolite profiles, etc. Once linked, these data become a part of a large 
system-level picture. 

The next step is building of the functional models of specific categories 
of human metabolism, diseases, and other system-level reconstructions. Two 
important steps here are (1) to select a subset of the relevant pathways, and 
(2) to link them into metabolic networks. Selection of pathways is done by a 
set of "SELECT.. .FROM.. .WHERE..." type queries, relying on the information 
collected in structured annotation tables discussed above. The information on 
links among pathways is implicitly contained in the database. Whenever two 
pathway records share a common intermediate, or when an intermediate in 
one pathway occurs as a regulatory factor in a record for an enzyme from 
another pathway, a link is generated between the two pathways. 

The technology of the present invention was used to build the System 
Reconstruction of amino acid metabolism in human, a portion of which is 
illustrated in Figure 2. The reconstruction consists of two major parts: amino 
acid biodegradation and amino acid biosynthesis. The user interface of the 
reconstruction is an interactive map showing pathways involved in amino acid 
metabolism. Pathways are interconnected into a network by shared 
metabolites. By clicking the mouse on a pathway, a user can access the 
pathway page showing detailed diagrams with reactions and enzymes. From 
this page, related pages for enzymes and reactions can also be accessed. In 
addition, pathway notes which describe diseases that are linked to the 
pathway are accessible from this page. An enzyme page contains the 
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enzyme name and its synonyms, links to gene pages for genes related to the 
enzyme, a list of reactions and pathways in which the enzyme is involved, and 
notes on the involvement of the enzyme in human diseases. 

One feature of the reconstruction is the incorporation of human 
diseases. By activating a link to diseases, a user can see lists of diseases 
associated with the pathway. From these lists, pages for individual diseases 
can also be accessed. These pages contain lists of enzymes, reactions, and 
pathways that have been linked to a disease. In addition, one can view notes 
describing various aspects of a disease mechanism, its metabolic causes, 
and/or its manifestations. 
|| One aspect of the System Reconstruction technology of the present 

invention is that it uses organism-specific pathways to build maps. This 
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S | allows the imposition of a condition of self-consistency on the resulting 

* networks. This means that each metabolite should either be essential for the 

JP organism (e.g., consumed through food) or there should be a pathway that 

Jj produces it. In other words, if there is a gap between two nonessential 

m compounds, this implies a lack of knowledge and serves to direct further 

gg research. 

This allows the prediction of the existence of an enzyme function in an 
organism even if organism-specific genes or proteins have not been identified. 
For example, when there is a clear gap between two metabolites in the 
reconstruction that cannot be filled in by any of the described enzymes, it is 
predicted that there is at least one undescribed enzyme that bridges this gap. 
In the present reconstruction of amino acid metabolism in humans, several 
human enzymes were identified that had not been previously identified in the 
human genome. These enzymes were identified because their functions were 
required by the logic of the metabolic map. Consequently, human genes for 
these enzymes were proposed through thorough similarity searches of the 
human genome and by studying human ESTs. 
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The self-consistency condition also helps eliminate pathways that 
might be incorrectly assigned merely on the basis of human enzymes having 
been identified. One example can be illustrated with phenylalanine 
biosynthesis. It is well known that humans cannot synthesize this essential 
amino-acid. However, there is a human enzyme, aspartate transaminase (EC 
2.6. 1 . 1 ), that could potentially synthesize phenylalanine from phenylpyruvate. 
Simply superimposing the human enzyme onto a general metabolic map 
would lead to the incorrect conclusion that there is a human pathway for 
phenylalanine biosynthesis. In contrast, the self-consistent reconstruction of 

g the present invention shows that the absence of phenylpyruvate, the substrate 

for aspartate transaminase, makes biosynthesis of phenylalanine improbable 

,0 in humans. 

jjj The following examples illustrate pathways in which chitinase is 

involved. These pathways have been elucidated through the use of the 
p System Reconstruction technology. The technology of System 

W Reconstruction is described in copending U.S. Provisional Patent Application 

® Ser <a' No. 60/299,040 and U.S. Patent Application Serial No. 10/—,—, 

| (Attorney Docket No. 73876) entitled "System Reconstruction: Integrative 

Analysis of Biological Data," filed on June 1 8, 2002, both of which are 
incorporated herein by reference. 



Example 1 

Stabilization of Heparin for Treatment of Arteriosclerosis 
HC gp-39, a protein of the chitinase family, can be used in combination 

with heparin to treat arteriosclerosis. Addition of HC gp-39 may stabilize 

heparin and increase its effectiveness. 

Heparin appears to play a role in arteriosclerosis. Data shows that 

patients suffering from arteriosclerosis have decreased heparin levels. 

Therapeutic treatment with heparin is used to reduce the risk of infarction and 

stroke. Heparin is also used as an anti-coagulant. It activates 
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antithrombin-lll. Additionally, low molecular weight heparin is used for the 
treatment of lipid metabolism disorders as an agent that activates lipoprotein 
lipase. 

Under normal conditions, lipoprotein lipase is localized on the cell 
surface, including the surface of endothelial cells in blood vessels. The 
binding of heparan sulfate to lipoprotein lipase is responsible for the retention 
of lipoprotein lipase on the cell surface. While bound to the cell surface, 
lipoprotein lipase is not enzymaticaliy active, but serves as a receptor, binding 
low density and very low density lipoproteins (LDL and VLDL). This binding 
leads to the cellular uptake of lipoproteins. (PMID 10532590). Development 
of arteriosclerosis is characterized by the emergence of so-called 'foam cells" 
that form due to an excess of lipoproteins being absorbed into the cell through 
pinocytosis. 

Heparin has a higher affinity for lipoprotein lipase than does heparan 
sulfate. With the exchange of heparin for heparan sulfate binding to 
lipoprotein lipase, the lipoprotein lipase is activated and released from the cell 
surface and into the intercellular space and to the blood. (PMID 1 1427199). 
While the binding of heparin activates lipoprotein lipase, in the absence of 
heparin, even if lipoprotein lipase is released from the cell surface, it remains 
inactive. (PMID 10760480). 

The binding of heparin to lipoprotein lipase results in several positive 
therapeutic effects. First, the uptake of lipoproteins by cells is decreased and, 
therefore, further formation of "foam cells" is prevented. Second, heparin- 
bound lipoprotein lipase regains its catalytic activity (PMID 210908, 698674) 
and starts to degrade LDL and VLDL in the intercellular space and in the 
blood. An excess of LDL and VLDL in the blood leads to the formation of 
atherosclerotic plaques. In contrast, degradation of LDL and VLDL by 
lipoprotein lipase leads to the formation of fatty acids that are eventually 
processed in the liver. Therefore, the degradation of LDL and VLDL by 
lipoprotein lipase helps prevent the development of arteriosclerosis. 
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As mentioned above, patents with arteriosclerosis are often treated 
with heparin. Free heparin is thought to be degraded by heparinase. A full 
length human heparinase enzyme has not been isolated. Human heparinase 
is known only by fragments of its sequences (NCBI protein # AAE1 01 46- 
1 01 53, AAE1 3758-1 3770, AAE67749-67785). While the enzymatic activity of 
human heparinase has not been directly studied, other known heparinases 
belong to the class of enzymes known as lyases (EC number 4.2.2.7, 
"Eliminative Cleavage Of Polysaccharides Containing 1,4-Linked Glucuronate 
Or Iduronate Residues And 1,4-Alpha-Linked 2-Sulfoamino-2-Deoxy-6-Sulfo- 
D-Glucose Residues To Give Oligosaccharides With Terminal 4-Deoxy-Alpha- 
D-Gluc-4-Enuronosyl Groups At Their Non-Reducing Ends"). Based on 
similarities to known heparinases, it is likely that human heparinase interacts 
with heparin through binding to its non-reducing end and degrades heparin. 

HC gp-39, a protein of chitinase family, can also bind to heparin. 
(Medline 96325055). The binding of heparin (or heparin analogs) to HC gp-39 
may protect heparin from degradation by heparinase. (Figure 4). By 
protecting heparin from degradation, the period of time for which heparin is 
active is extended. The use of HC gp-39 in combination with heparin (or its 
therapeutic analogs) may enhance the effectiveness of heparin in the 
treatment of arteriosclerosis. 

Currently, there is no direct evidence regarding the way in which 
HC gp-39 binds to heparin. It is known, however, that some hydrolases, 
which are close to chitinases, bind their substrates at the non-reducing end of 
the substrate. HC gp-39, therefore, may similarly bind to the non-reducing 
end of heparin. This binding would protect heparin from degradation by 
heparinase. The HC gp-39 homolog from pig smooth muscle culture (porcine 
gp38k) has been studied in greater detail. (Shackelton et al„ JBC 
270(22), 1995). HC gp-39 shows 84.6% homology with gp38k (DNAstar). The 
site of heparin binding on gp38k (residues 144-149, RRDKRH) is similar to a 
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putative heparin binding site on HC gp-39 (RRDKQH) in which glutamine is 
substituted for arginine in the human protein. 

Example 2 
Tissue Remodeling 
In most tissues, cells are connected through a membrane-based 
complex of polysaccharides and through membrane-linked proteins known as 
the glycocalix and the extra-cellular matrix. Heparan sulphate is one of the 
most important components of both the glycocalix and the extra-cellular 
matrix. Heparan sulphate binds to fibronectin and other structural proteins; 
this binding is required for the fixation of cells within tissues and determines 
tissue structure. (Figure 5). The mechanisms of binding between heparan 
sulphate and fibronectin have been studied, and this binding is significant in 
the positioning of fibroblasts, epidermal cells, and endothelium, (PMID 
3917945, 8838671, 10899711). It has also been shown that heparan 
sulphate binds to thrombospondin during the establishment of the intercellular 
contacts (PMID 1940309), and that there is a correlation between cell 
aggregation and the binding of heparan sulphate with syndecan-1 (PMID 
7890615). 

HC gp-39, a protein of the chitinase family, has a higher affinity for 
heparan sulphate than does fibronectin. (Medline 96325055). HC gp-39 may 
compete with fibronectin for the binding of heparan sulphate. If HC gp-39 
binds to heparan sulphate replacing fibronectin, intercellular bonds and the 
structural components which retain tissue structure can be relaxed. Such 
relaxing is required for successful tissue remodeling and regeneration. By 
increasing the local concentration of HC gp-39, and thereby locally relaxing 
structural elements of a tissue, tissue remodeling and regeneration can be 
stimulated. Such an application would be useful in such areas as wound 
healing and joint alterations due to arthritis. 
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Example 3 
ArteriosnlprnaiQ 

Hyaluronic acid (HA) binds to smooth muscle cells and prevents their 
proliferation. Proliferation of smooth muscle cells in arteriosclerosis leads to 
the growth of the arteriosclerotic plaque. Therefore, HA is a factor that helps 
contain the disease. Chitotriosidase, or chitinase 1 , may restrict the synthesis 
of HA by degrading the chitin primers necessary for HA formation. Therefore, 
chitotriosidase facilitates the growth of arteriosclerotic plaques. Suppression 
of the activity of chitotriosidase may be useful in the treatment of 
atherosclerosis. (See Figures 4A and 4B). 
a Hyaluronic acid is involved in various processes of tissue repair and 

S remodeling. In particular, HA plays a role in the regulating the migration and 

| Proliferation of smooth muscle cells which are critical in the pathogenesis of 

^ cardiovascular diseases. HA acts as a negative regulator of the proliferation 

f of smooth muscle cells induced by platelet-derived growth factor (PDGF) and 

§ as a P° sitjve regulator of PDGF-induced migration. (PMID: 9678773 

JJ 8842351,7568237). 

Uncontrolled proliferation of smooth muscle cells facilitates the growth 
of atherosclerotic plaques. As cells start to actively absorb lipid particles, 
turning into "foam cells", the cells form the core of the plaque. Additionally, 
proliferation of smooth muscle cells leads to the enlargement of the formation 
and the isolation of the "foam cells" by covering them with new layers of 
smooth muscle cells. This further leads to the formation of atheroma, or the 
degeneration of the artery lining. Drugs that reduce smooth muscle cell 
proliferation are often used as a part of atherosclerosis therapy. Most of 
these drugs, however, are hormones that have many undesirable side-effects 
and may be restricted in their use. 

HA is synthesized on the extracellular side of the plasma membrane of 
various cell types, including smooth muscle cells and endothelial cells. 
(PMID: 10493913). Apparently, fibroblasts provide a source for much of the 
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HA implicated in atherosclerotic damage. (See e.g., PMID: 11378333, 
1 1327061, 1 1 171074). HA synthesis is catalyzed by the enzyme hyaluronan 
synthase (HAS). Presently, three human genes for this enzyme have been 
identified: HAS-1, HAS 2, HAS 3, mapping to chromosomal regions 19q13.3- 
q13.4, 8q24.12, and 16q22.1, respectively. HAS is a plasma membrane 
proteins. 

It has been shown that human hyaluronan synthase is highly 
homologous to the enzymes from other organisms including 
glycosaminoglycan synthase from Xenopus (DG42). (PMID: 8798544, 
8798477). It has been shown that DG42 and its analogs from zebrafish and 
mouse exhibit chitin oligosaccharide synthase activity. Furthermore, addition 
of purified chitinase to zebrafish cell extracts leads to significant (up to 87%) 
reduction in the synthesis of HA. Based on these data, it is thought that chitin 
oligosaccharides serve as primers for hyaluronic acid synthesis. (PMID: 
8643441). 

Chitotriosidase (EC 3.2.1.14) and HC gp-39 expressed by 
macrophages in the area of atherosclerotic damage have been found in the 
blood vessel wall matrix. It has been suggested that chitotriosidase 
recognizes the HA primer as its own substrate and, therefore, interferes with 
the synthesis of HA. (PMID: 10073974). 

The mechanism by which chitotriosidase participates in the process of 
regulating proliferation and migration of smooth muscle cells may be based on 
its enzymatic activity with respect to chitin-like oligosaccharides that serve as 
primers for HA synthesis. The cleavage of these primers by chitotriosidase 
may lower the local concentration of HA, therefore, leading to an increase in 
cell proliferation causing further damage to the blood vessel wall. 
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Glycosaminoglycans are widely used in dermatology and cosmetology 
for healing and regeneration of skin damage due to trauma, surgery, or aging. 
In the past decade, a number of cosmetics and therapeutic treatments 
containing glycosaminoglycans were developed and marketed for topical use 
and for injection. Compositions have included glycosaminoglycans such as 
chitosan, gyaluonic acid, heparin, heparan sulphate, and others. The 
inclusion of human lectin HC gp-39 into topical compositions with 
glycosaminoglycans may accelerate and prolong skin improvement. (Figure 



Addition of HA to the extra-cellular matrix causes hydratation and 
increases turgor in a tissue. As discussed above, HA is also one of the 
important factors in tissue remodeling, as it interacts with a number of proteins 
and non-protein components of extra-cellular matrix to form a scaffold for the 
formation of cell layers. HA stimulates the expression of metal proteases in 
the extra-cellular matrix, for example, elastase-like endopeptidases expressed 
in fibroblasts and keratinocytes. Both of these cell types receptors for binding 
hyaluronic acid which is needed for tissue remodeling. 

The use of HC gp-39 in combination with hyaluronic acid, may play a 
function similar to lectin, having a loosening effect on both protein and 
glycosaminoglycan elements of the extra-cellular matrix. Treatment with 
HC gp-39 and HA would preferably be followed by treatment with fibroblast 
growth factor (FGF) and insuline-like growth factor (IGF) in order to stimulate 
expression of HAS1, HAS2 and HAS3 for endogenous synthesis of HA. 
(Figures 4A and 4B). 

Therapeutic or preventive treatment with HA is especially important for 
elderly patients or patients with age-related conditions because the level of 
endogenous HA diminishes with age. (With age, the number of lipid-filled 
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macrophages raises causing an increase in the concentration of 
chitotriosidase and, correspondingly, the depletion of endogenous HA). 

HA is also capable of deep penetration into the epidermis and may be 
used as a vehicle for drug delivery. 

Example 5 
Parkinson's Disease 

One of the treatments for Parkinson disease includes transplantation of 
neurons from the substantia nigra of 6-10 week old embryos. The 
effectiveness of this treatment depends on the successful incorporation of the 
transplanted tissue. Currently employed techniques show fairly low success 
rate. (Kupsch A. etal., Nervenarzt, 1991, Bd.62, S. 80-91; Landvall CX, 
Europ. Neurol., 1991, Vol. 31, Suppl.1, P.17-27). The low success rate is 
related to rejection of the transplant, usually within several months after 
surgery. It has been shown that successful transplantation can be achieved 
with the addition of embryonic neuroectodermal cells of Drosophila 
melanogaster into the transplant tissue. (PMID: 9532720; PMID: 9449456). 
These cells are known to express a number of growth factors and remodeling 
factors, including DS47, which is homologous to human protein HC gp-39. 

Incorporation of a transplant is related to the processes of tissue 
remodeling. Integration of transplanted cells into a damaged tissue and 
differentiation of the transplanted cells is necessary for restoring the function 
of the damaged tissue. These processes are related to tissue remodeling, 
and remodeling factors play a significant role in the interaction of transplanted 
cells with the extracellular matrix and the cells of the recipient Often rejection 
of the transplant is not due to an immune response in the recipient, but rather 
to the lack of tissue integration caused by the formation of glial scar tissue 
and the lack of blood vessel in-growth into the transplanted tissue. One 
apparent reason is the low activity of remodeling factors in the recipient 
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tissue. In particular, the rejection it may be related to age-dependent 
weakening of remodeling capabilities. 

It may be possible to regulate tissue remodeling upon transplantation 
by changing the local concentration of remodeling factors, including proteins 
belonging to chfo'nase family such as HC gp-39. Activity of brain chitinases 
should be related to microglial cells that are descendants of blood monocytes. 
Neutral cells of a transplant, on the other hand do not accumulate enough 
remodeling factors due to their nature. The significant increase in transplant 
integration success rates by incorporating Drosophila embryonic cells 
suggests that these cells actively express remodeling factors that are closefy 
related to such factors in humans. It is known that four proteins belonging to 
the chitinase family are expressed in the human brain (HC gp-39, 
chitotriosidase, YKL 39, and FLJ12549). There is also expression of 
chitinase-like proteins in the embryonic cells of Drosophila. These proteins 
lack catalytic activity, but are capable of binding with proteoglycans of the 
extracellular matrix. One of the Drosophila proteins shows slightly 
homologous to human HC gp-39. (PMID 7875581). 

Those skilled in the art will readily understand that variations of the 
materials, conditions, and processes described in these examples can be 
used. All references cited herein are incorporated by reference in their 
entirety. 
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WHAT IS CLAIMED IS: 

1 . A method for reconstructing metabolism of an organism 
comprising: 

(a) collecting data regarding the organism's metabolism; 
(b> linking the data into metabolic pathways; 

(c) identifying interconnections between the metabolic 

pathways; 

(d) creating a map of the organism's metabolism by 
integrating information obtain in steps (a), (b), and (c). 

2. The method of claim 2 wherein the data regarding the 
organism's metabolism comprises expressed sequence tag data. 

3. A method for identifying drug targets comprising: 

(a) collecting data regarding the organism's metabolism for 
both non-disease and disease states; 

(b) linking the data into metabolic pathways; 

(c) identifying interconnections between the metabolic 

pathways; 

(d) creating a map of the organism's metabolism by 
integrating information obtain in steps (a), (b), and (c). 

(e) identifying drug targets by comparing differences 
between non-disease and disease states using the map. 
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METHODS FOR IDENTIFYING COMPOUNDS FOR 
TREATING DISEASE STATES 

ABSTRACT 

The process of System Reconstruction is used to integrate sequence 
data, clinical data, experimental data, and literature into functional models of 
disease pathways. System Reconstruction models serve as informational 
"skeletons" for integrating various types of "high throughput "data. 
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Figure 2. A fragment of reconstruction of human amino acid metabolism. Rectangles 
represent pathways, balloons contain lists of diseases associated with pathways. Pathways 
are color-coded for subcellular localization. The map is an interactive interface to the 
database*. 




) 





f subpoputetions of ^\ 
\. macrophages J 



Smooth Muscle Ceils 
(Cell migration and adhesion are increased,ceIJ 
proliferation Is reduced. Atherosclerotic plaque 
growth delay.) 



crtltooIlgasaceharJdes as 
primers for HA synthesis 



I 




recycling via 
hyaluronidase 



HAS 1 

or 3 



HASior 
3 



Probably the cascade is located on a cell membrane of fibroblast and SMC, but the order of 
enzymes ts unknown 



extracellular 
matrix of the 
Injured vessel 
wall 




suhpopulations of 
ma crop hag es 



Smooth Muscle Cells 
low level of hyaluronan Induces proliferation and 
Inhibit cell migration (atherosclerotic plaque 
grows) 



chitoollgosaccharides as 
primers for HA synthesis 



growth of atherosclerotic plaque 




HAS 1 
or 3 



^HASI^ 
or 3 



Probably the cascade is located on a cell membrane of fibroblast and SMC. but the order of 
enzymes is unknown 



extracellular 
matrix of the 
Injured vessel 
wall 



Figure 4 Chitotriosidase function in atherogenesis 

Figure 4A - chitotriosidase activity is absent 
Figure 4B - chitotriosidase activity is present 
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